Background: The prevalence of allergic inflammatory diseases such as atopic dermatitis (AD), asthma, and allergic rhinitis worldwide has increased and complete recovery is difficult. Korean Red Ginseng, which is the heat-processed root of Panax ginseng Meyer, is widely and frequently used as a traditional medicine in East Asia. In this study, we investigated whether Korean Red Ginseng water extract (RGE) regulates the expression of proinflammatory cytokines and chemokines via the mitogen-activated protein kinases (MAPKs)/nuclear factor kappa B (NF-kB) pathway in allergic inflammation. Methods: Compound 48/80-induced anaphylactic shock and 1-fluoro-2,4-dinitrobenzene (DNFB)-induced AD-like skin lesion mice models were used to investigate the antiallergic effects of RGE. Human keratinocytes (HaCaT cells) and human mast cells (HMC-1) were also used to clarify the effects of RGE on the expression of proinflammatory cytokines and chemokines. Results: Anaphylactic shock and DNFB-induced AD-like skin lesions were attenuated by RGE administration through reduction of serum immunoglobulin E (IgE) and interleukin (IL)-6 levels in mouse models. RGE also reduced the production of proinflammatory cytokines including IL-1b, IL-6, and IL-8, and expression of chemokines such as IL-8, thymus and activation-regulated chemokine (TARC), and macrophage-derived chemokine (MDC) in HaCaT cells. Additionally, RGE decreased the release of tumor necrosis factor-a (TNF-a), IL-1b, IL-6, and IL-8 as well as expressions of chemokines including macrophage inflammatory protein (MIP)-1a, MIP-1b, regulated on activation, normal T cell expressed and secreted (RANTES), monocyte chemoattractant protein (MCP)-1, and IL-8 in HMC-1 cells. Furthermore, our data demonstrated that these inhibitory effects occurred through blockage of the MAPK and NF-kB pathway. Conclusion: RGE may be a useful therapeutic agent for the treatment of allergic inflammatory diseases such as AD-like dermatitis.
Introduction
Allergic inflammation is a hypersensitivity disorder of the immune system and occurs with several important medical conditions, such as atopic dermatitis (AD), allergic eczema, allergic rhinitis, and other allergic diseases. Most of the allergic diseases have increased in prevalence in the past few decades. They represent an important public health problem due to their impact on quality of life and medical expenditure burdens [1] . Among allergic diseases, AD correlates with the expression of proinflammatory cytokines and chemokines from keratinocytes, mast cells, and other immune cells [2, 3] .
Keratinocytes are the major cell types in the epidermis, and they maintain the biochemical and physical condition of the skin. They are also involved in the progression of various inflammatory skin diseases [4] . Epidermal keratinocytes release inflammatory mediators such as proinflammatory cytokines and chemokines in response to immune triggers including UV light, allergens, and microbiological agents [5] . Activated keratinocytes are capable of producing biologically active interleukin (IL)-8, which mediates the influx of T cells and neutrophils into the epidermis [6] . Thymus and activation-regulated chemokine (TARC/CCL17) and macrophagederived chemokine (MDC/CCL22), which are secreted from keratinocytes, play important roles in the infiltration of Th2 cells into inflammatory tissues [7] .
Mast cells are also the major effector cells related to the allergic inflammatory reaction and are considered to be involved in the progression of AD because they show increases in the majority of AD patients [8, 9] . In response to several antigens, mast cell degranulation is initiated and these cells release a variety of bioactive substances such as histamine. Activated mast cells also produce various proinflammatory cytokines such as tumor necrosis factor (TNF)-a, IL-1b, and IL-6 as well as chemokines [10] . These mediators contribute to inflammation through the recruitment and activation of immune cells [11] .
Mitogen-activated protein kinases (MAPKs) including the extracellular signal-regulated kinase (ERK), c-jun N-terminal kinase (JNK), and p38 MAPK regulate diverse cellular functions such as proliferation, activation, and degranulation [12] . The activation of MAPKs is associated with the allergic inflammatory response via the translocation of nuclear factor kappa B (NF-kB), which causes the production of proinflammatory cytokines and chemokines [13e 15]. After phosphorylation of MAPKs, nuclear factor of kappa light polypeptide gene enhancer in B-cells inhibitor, alpha (IkBa) proteins are degraded and NF-kB is translocated into the nucleus and initiates the transcription of target genes. Therefore, as the inhibition of MAPKs and NF-kB activation subsequently decrease secretion of allergic mediators, MAPKs are important in the prevention of allergic inflammation [16e18] .
Ginseng, the root of Panax ginseng Meyer, has been used for the treatment of many diseases and for enhancing physical strength and immunity. Korean Red Ginseng, which is heat-processed ginseng, is a popular traditional medicine in East Asia and has been widely used to treat a number of diseases such as cancer, Alzheimer's disease, and vascular diseases [19e21] . Several studies have reported that Korean Red Ginseng has antiallergic effects in in vitro and in vivo models [22, 23] . Although the antiallergic effects of Korean Red Ginseng have already been reported, mechanistic understanding of its immunopharmacological roles is poorly elucidated.
In this study, we investigated the effects of Korean Red Ginseng water extract (RGE) on allergic inflammation and mechanisms. We evaluated the effects of RGE on systemic and local allergic reactions to assess its antiallergic effect in compound 48/80-induced anaphylactic shock and 1-fluoro-2,4-dinitrobenzene (DNFB)-induced dermatitis mice models. Moreover, the effects of RGE on the expression of proinflammatory cytokines and chemokines, as well as its mechanisms, were investigated in HaCaT cells and HMC-1 cells.
Materials and methods

Reagents
Compound 48/80, 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT), phorbol 12-myristate 13-acetate (PMA), and calcium ionophore A23187 (A23187) were purchased from Sigma-Aldrich Chemical Co. (St. Louis, MO, USA). 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, inner salt (MTS) was purchased from Promega Corporation (Madison, WI, USA). Avidin peroxidase (AP), fetal bovine serum (FBS), RPMI 1640, and Iscove's Modified Dulbecco's Medium (IMDM) were purchased from Gibco BRL (Grand Island, NY, USA). Anti-human TNF-a/IL-6/IL-8, anti-mouse immunoglobulin E (IgE)/IL-6, recombinant TNF-a/IL-6/IL-8, and biotinylated TNF-a/IL-6/IL-8 were purchased from BD Pharmingen (San Diego, CA, USA). Antiphospho-p38, -ERK, -JNK, -Akt, -IkBa, anti-GAPDH, IkBa, and NF-kB antibodies were purchased from Cell Signaling Technology, Inc. (Danvers, MA, USA). Anti-p38, JNK, and histone antibodies were purchased from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, USA). Anti-Akt and ERK antibodies were purchased from Bioworld Technology (Minneapolis, MN, USA).
Preparation of RGE
RGE was kindly provided by the Korea Ginseng Corporation (Daejeon, Korea). It was manufactured by Korea Ginseng Corporation, Seoul, Korea from roots of a 6-yr-old red ginseng, Panax ginseng Meyer, harvested in the Republic of Korea. Red ginseng was made by steaming fresh ginseng at 90e100 C for 3 h and then drying at 50e80 C. RGE was prepared from red ginseng water extract, which was extracted by circulating 85e90 C water for 8 h three times. The water content of the pooled extract was 36% of the total weight. RGE was analyzed by high-performance liquid chromatography. RGE contained major ginsenoside-Rb1: 7.44 mg/g, -Rb2: 2.59 mg/g, -Rc: 3.04 mg/g, -Rd: 0.91 mg/g, -Re: 1.86 mg/g, -Rf: 1.24 mg/g, -Rg1: 1.79 mg/g, -Rg2: 1.24 mg/g, -Rg3: 1.39 mg/g, and other minor ginsenosides.
Animals
BALB/c mice (5 wk, male, 19e20 g) were purchased from DaMool Science (Daejeon, Republic of Korea). The animals were housed in a laminar air-flow room maintained at a temperature of 22 AE 1 C and a humidity level of 55 AE 1% throughout the study. The research was conducted in accordance with the internationally accepted principles for laboratory animal use and care as stated in the Wonkwang University (Iksan, Republic of Korea) guidelines (WKU-14-35).
Cell culture
Human keratinocytes HaCaT cells were obtained from CLS Cell Lines Service (Eppelheim, Baden-Württemberg, Germany) and the human mast-cell line (HMC-1) was generously provided by Eichi Morri (Osaka University, Osaka, Japan). HaCaT cells were cultured in RPMI 1640 and HMC-1 cells were cultured in IMDM supplemented with 10% FBS, 100 units/mL of penicillin, and 100 mg/mL of streptomycin in a humidified atmosphere of 5% CO 2 at 37 C.
DNFB-induced AD-like dermatitis mouse model
The dorsal skin of mice (n ¼ 7) was shaved by depilatory equipment before the experiment. The mice were sensitized with a vehicle or 100 mL 0.15% solution of DNFB in acetone/olive oil (3:1) to the dorsal skin twice each week for 6 wk. The AD-like dermatitisinduced mice were divided into four groups: Blank, DNFB, RGE (5 mg/kg or 50 mg/kg), and Pre-RGE (50 mg/kg) group. RGE oral administration of the Pre-RGE group was initiated immediately after the first DNFB application to investigate the preventive effect. The RGE group was orally administered RGE after 4 wk of DNFB application.
Histological analysis
Mouse dorsal skin samples were excised from the mice 24 h after the final DNFB application. Samples were fixed with 10% formaldehyde, embedded in paraffin wax, routinely processed, and then sectioned into 4 mm thick slices. The skin sections were then stained with hematoxylin and eosin (H&E) and photographed by a light microscope for the presence of edema and for inflammatory cell accumulation.
Compound 48/80-induced anaphylactic shock
The mice (n ¼ 5) were intraperitoneally injected with compound 48/80 (8 mg/kg). RGE (5 mg/kg and 50 mg/kg) was orally administered 1 h prior to the injection of compound 48/80. Mortality was monitored for 1 h after the induction of anaphylactic shock.
Cell viability
An MTT or MTS assay was performed to investigate the cell toxicity of RGE on HaCaT and HMC-1 cells, respectively. After treatment of HaCaT cells with RGE for 24 h, MTT solution (500 mg/ mL) was added and followed by incubation at 37 C for 4 h. The crystallized formazan was dissolved in DMSO and the absorbance was measured at 540 nm by a microplate reader. Cell viability of RGE-treated HMC-1 cells was determined using a cell proliferation MTS reagent. MTS solution was added for 2 h and the absorbance was measured by a microplate reader at 490 nm.
RNA extraction and real-time reverse transcription polymerase chain reaction
Total RNA was extracted using an RNA-spin total RNA extraction kit (iNtRon Biotech, Seoul, Republic of Korea) according to the manufacturer's directions. First-strand cDNA was prepared from an RNA template (2 mg) using oligo dT primer and a power cDNA synthesis kit (iNtRon Biotech). Reverse transcription (RT) was performed at 42 C for 50 min and then at 70 C for 15 min. Real-time quantitative RT-polymerase chain reaction (PCR) was performed using a Power SYBR Green PCR Master Mix and Step-One Plus RealTime PCR systems (Applied Biosystems, Foster City, CA, USA). All data were normalized to GAPDH mRNA. The primer sequences are summarized in Table 1 .
Enzyme-linked immunosorbent assay
Microplates (96-well) were coated with capture antibodies overnight at 4 C. For the blocking step, plates were washed with 0.05% phosphate buffer saline (PBS)-Tween20 (PBST) and 5% FBS in PBS was added. Between subsequent steps in this assay, plates were washed four times with 0.05% PBST. After 1 h, samples and standards were added to the plates and incubated for 3 h. Assay plates were exposed to biotin-conjugated antibodies for 1 h and incubated with AP for 30 min in a 37 C incubator. Finally, TBS substrate solution was added and color development was measured by a microplate reader at 405 nm.
Preparation of total cell lysates and nuclear extracts and Western blot analysis
Collected cells were rinsed with ice-cold PBS and lysed using lysis buffer (iNtRon Biotech, Seoul, Republic of Korea) for 1 h. Total cell lysates were centrifuged for 10 min at 4 C, and the supernatants were obtained. Nuclear extracts were prepared using NE-PER Nuclear and Cytoplasmic Extraction Reagents (Pierce Thermo Scientific, Rockford, IL, USA). After bicinchoninic acid protein 
TGCACCACCACCTGCTTAGC GGCATGGACTGTGGTCATGAG GAPDH, glyceraldehyde 3-phosphate dehydrogenase; h, human; IL-8, interleukin-8; m, mouse; MCP-1, monocyte chemoattractant protein-1; MDC, macrophage-derived chemokine; RANTES, regulated on activation, normal T cell expressed and secreted; TARC, thymus and activation-regulated chemokine; TNF-a, tumor necrosis factor-a. quantification, the supernatant was mixed with a 2 Â sample buffer, boiled for 5 min, separated by 10% SDS-polyacrylamide gel electrophoresis, and then transferred to polyvinylidene difluoride (PVDF) membranes. The membranes were blocked with 5% skim milk for 1 h 30 min and incubated for 3 h with primary antibodies. After washing with 0.1% PBST for 45 min, membranes were then incubated with secondary antibodies for 45 min. After washing with 0.1% PBST for 1 h 30 min, protein bands were detected using an enhanced chemiluminescence (ECL) solution.
Statistical analysis
The results are shown as a summary of the data from three experiments and are presented as the mean AE standard deviation (SD). A statistical evaluation of the results was performed by the Student t test using SPSS version 15.0 for Windows (SPSS Inc., Chicago, IL, USA). For all experiments, p < 0.05 was considered to be significant.
Results
Effect of RGE on compound 48/80-induced anaphylactic shock and DNFB-induced dermatitis
To evaluate the effect of RGE on systemic allergic reaction, we used the compound 48/80-induced anaphylactic shock model. The dose of 5e50 mg/kg of RGE was chosen because several studies had previously reported various pharmacological in vivo effects of RGE at such doses [24e26]. As shown in Table 2 , RGE (5 mg/kg and 50 mg/kg) oral administration dose-dependently reduced the mortality rate induced by compound 48/80 ( Table 2 ). The repeated cutaneous application of DNFB induces AD-like dermatitis in BALB/ c mice [27] . To investigate the prevention and therapeutic effect of RGE on AD-like dermatitis, we used the DNFB-induced dermatitis mouse model and divided the administration group into pre-RGE (50 mg/kg) and RGE (5 mg/kg and 50 mg/kg). AD-like skin lesions were improved in the pre-RGE and RGE groups as compared to the DNFB group (Fig. 1, upper panels) . The dorsal skins were stained using H&E reagents and DNFB-induced hyperplasia was inhibited by RGE administration. Accumulation of immune cells in AD-like skin lesions was decreased by RGE administration (Fig. 1 , lower panels).
Effects of RGE on chemokines and inflammatory mediators in DNFB-induced dermatitis mice
To investigate the effects of RGE on the inflammatory mediator production, dorsal skin lesions and blood samples were collected. These samples were analyzed using real-time RT-PCR and the enzyme-linked immunosorbent assay (ELISA) method. Expression levels of IL-8, TARC, and MDC were significantly decreased in the RGE 50 mg/kg and pre-RGE groups compared to the DNFB group ( Fig. 2A) . Moreover, serum IgE and IL-6 levels were reduced by RGE administration compared to the DNFB group (Figs. 2B and 2C ).
Effect of RGE on the activation of MAPKs and NF-kB in skin lesions of DNFB-induced dermatitis mice
The activation of MAPKs and NF-kB induces the expression of chemokines and proinflammatory cytokines, which are pivotal factors in allergic reactions. Therefore, we evaluated the effect of RGE on the activation of MAPKs and NF-kB in AD-like dermatitis skin lesions. As shown in Fig. 3A , RGE administration suppressed the phosphorylation of ERK, JNK, and p38 in dorsal skin compared to the DNFB group. The relative expression levels of the MAPKs are represented in Fig. 3B . In addition, RGE inhibited the degradation of IkBa and NF-kB translocation into the nucleus (Fig. 3C) . The relative expression levels of IkBa and NF-kB are represented in Fig. 3D. 
Effects of RGE on the expression of proinflammatory cytokines and chemokines in HaCaT cells
Epidermal keratinocytes play multiple roles in the immune reactions associated with allergic dermatitis and other skin diseases [28] . Therefore, the effect of RGE on the cell viability was first examined using an MTT assay. RGE treatment with 0.01e1 mg/mL did not show cytotoxicity in HaCaT cells (Fig. 4A) . Due to this result, further assays were performed at concentrations of 0.01 mg/mL, 0.1 mg/mL, and 1 mg/mL. However, previous reports demonstrated that high concentrations of RGE (1e2.5 mg/mL) showed a neuroprotective effect without affecting cell viability [29, 30] . To determine whether RGE inhibits the expression of TNF-a/interferon (IFN)-g-induced chemokines and proinflammatory cytokines, we carried out real-time RT-PCR and ELISA. The expression levels of chemokines (IL-8, TARC, and MDC) were suppressed by the RGE treatment in a dose-dependent manner (Fig. 4B) . Moreover, RGE significantly suppressed the production of IL-1b, IL-6, and IL-8 in the TNF-a/IFN-g-stimulated HaCaT cells (Figs. 4Ce4E) .
Effects of RGE on the activation of MAPKs and NF-kB in HaCaT cells
The intracellular mechanisms for the release of various inflammatory mediators are coordinated by MAPK and NF-kB in keratinocytes [31] . Thus, we investigated the regulatory effects of RGE on the activation of MAPKs and NF-kB in HaCaT cells by Western blot analysis. RGE decreased TNF-a/IFN-g-induced phosphorylation of ERK, JNK, and p38 (Figs. 5A and 5B). RGE also inhibited the phosphorylation of IkBa and the translocation of NF-kB (Figs. 5C and  5D ).
Effects of RGE on the expression of proinflammatory cytokines and chemokines in HMC-1 cells
Mast cells also play a critical role in allergic reactions through the release of a number of mediators and cytokines [11] . Therefore, we determined whether RGE regulates the levels of chemokines and proinflammatory cytokines in HMC-1 cells. We first checked the effect of RGE on the cell viability of HMC-1 cells by an MTS assay ( Fig. 6A ) and treated HMC-1 cells with a nontoxic concentration of RGE (0.01e1 mg/mL). Expressions of macrophage inflammatory protein (MIP)-1a, MIP-1b, regulated upon activation normal T expressed and secreted (RANTES), monocyte chemoattractant protein (MCP)-1, and IL-8 were decreased by RGE treatment (Fig. 6B ). In addition, RGE significantly suppressed the production of proinflammatory cytokines including IL-1b, IL-6, IL-8, and TNF-a (Figs. 6Ce6F) .
Effects of RGE on the activation of MAPKs and NF-kB in HMC-1 cells
The expressions of proinflammatory cytokines and chemokines are induced by allergen stimulation via the MAPKs/NF-kB pathway in mast cells. For this reason, the MAPKs/NF-kB signaling pathway is an important component in the regulation of mast cell-mediated inflammatory responses [32] . To determine which molecules are regulated by RGE in an allergic reaction, we examined the effects of RGE on the phosphorylation of MAPKs. RGE significantly decreased PMAþA23187-induced phosphorylation of ERK, JNK, and p38 (Figs. 7A and 7B) . Additionally, RGE inhibited the degradation of IkBa and the nuclear localization of NF-kB (Figs. 7C and7 D) .
Discussion
Korean Red Ginseng is known to afford protective effects against skin diseases including dermatitis. In a TNCB-induced AD mouse model, Korean Red Ginseng significantly reduced the total clinical severity score, ear thickness, and the level of thymic stromal lymphopoietin (TSLP) and TNF-a [33, 34] . Additionally, Korean Red Ginseng ethanol extract improved skin lesions and reduced the Th2-activated cytokines, such as IL-4, IL-10, and the serum IgE levels. These suppressive effects of Korean Red Ginseng ethanol extract appear to be mediated through the inhibition of MAPKs, such as ERK, JNK, and p38 signaling pathways in DNFB-induced ADlike mice [35] . However, the effects of RGE on AD-like dermatitis and related mechanisms have not been elucidated in the context of dermatitis.
Chemokines are small proteins secreted by the immune cells that mediate many functions including recruitment of their specific receptor-expressed cells [36] . Among these chemokines, IL-8 is a potent neutrophil chemoattractant and Th2 chemokines such as TARC and MDC also attract CCR4 þ lymphocytes to sites of inflammation [6, 37] . These chemokines are produced by various cell types, including keratinocytes, and their levels were also elevated in the serum of AD patients and were closely correlated to disease severity [7,38e40] . Moreover, mast cells are involved in the pathogenesis of AD through secretion of various chemokines such as MIP-1a, MCP-1, and IL-8 in AD patients [9] . Therefore, we focused on chemokines and proinflammatory cytokines released from ADlike skin lesions and their mechanisms in vivo and in vitro. RGE improves DNFB-induced AD-like skin lesions ( Fig. 1 ) through inhibition of chemokine and proinflammatory cytokine expressions via MAPKs and the NF-kB pathway (Figs. 2 and 3 ). These results suggest that RGE reduces the expression of cytokines and chemokines via inhibition of MAPKs and the NF-kB pathway in AD-like skin lesions.
HaCaT cells, a spontaneously immortalized human keratinocyte cell line, maintain normal keratinocyte morphology and play an important role in skin inflammation because they are constantly exposed to external stimuli [41] . These cells are thus commonly used in pharmacological in vitro studies of potential skin drugs [42] . Stimulation of keratinocytes with TNF-a and IFN-g enhances the expression of chemokines and proinflammatory cytokines [28] . The HMC-1 cell line was established from leukemia patients; it expresses characteristic markers for mast cells [43] . Mast cells also play a critical role in both adaptive and innate immunity and show increases in immunological skin diseases, including dermatitis [44] . Therefore, HaCaT and HMC-1 cells are ideal candidates to confirm the biological activities of RGE in vitro. RGE decreases the secretion of proinflammatory cytokines such as TNF-a and IL-8 in LPSstimulated HaCaT cells [45] , but it has not been investigated whether this effect leads to improvement of dermatitis in vivo. In this study, RGE significantly inhibited the expressions of chemokines such as IL-8, TARC, and MDC in TNF-a/IFN-g-stimulated HaCaT cells in a dose-dependent manner (Fig. 4) . Moreover, we first demonstrated that the expression of chemokines including MIP-1a, MIP-1b, RANTES, MCP-1, and IL-8, was decreased by RGE treatment in PMAþA23187-stimulated HMC-1 cells (Fig. 6) . Therefore, our data suggest that RGE may be useful to treat AD and other related allergic diseases, based on its regulatory effects on chemokine expression. The MAPK signal transduction pathway has been shown to be important in the proliferation, degranulation, and activation of various immune cells. In particular, the expression of proinflammatory cytokines and chemokines is associated with the MAPK (ERK, JNK, and p38)/NF-kB pathway in keratinocytes and mast cells [10, 46, 47] . Therefore, we confirmed the regulatory effect of RGE on the MAPKs/NF-kB pathway to elucidate the mechanisms of RGE-induced inhibition of proinflammatory cytokine and chemokine expression in HaCaT and HMC-1 cells. RGE significantly prevented the phosphorylation of p38, ERK, and JNK in both HaCaT and HMC-1 cells (Figs. 5 and 7) . These results suggest that suppression of ERK, JNK, p38, and NF-kB activation by RGE treatment might lead to decreased production of proinflammatory cytokines and chemokines in keratinocytes or mast cells. In conclusion, RGE showed a protective effect on the compound 48/80-induced anaphylactic shock and DNFB-induced AD-like mouse model through the inhibition of serum IgE and IL-6 release and chemokine expression. Additionally, RGE administration decreased activation of ERK, JNK, p38, and NF-kB in AD-like skin lesions. These effects of RGE on AD were due to inhibition of chemokines and proinflammatory cytokines, which resulted from blockage of the MAPK/NF-kB pathway in keratinocytes and mast cells. Taken together, the present results suggest that Korean Red Ginseng may be useful as a therapeutic agent for allergic inflammatory diseases such as dermatitis.
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